This study emphasizes the precipitation and the maximum and minimum temperature trend and presents the results of study in temporal and spatial scales, after performing statistical analysis of the Xin'anjiang-Fuchunjiang watershed. Statistical Mann Kendall and Theil Sen techniques were used to determine the trend and its magnitude, respectively, and for determining the start and abrupt change in the trend, Sequential Mann Kendall test has been performed. Furthermore, statistical tests were performed to determine the overall trend in the area at a regional basis. For the removal of the serial effect of the data, prewhitening technique is applied. In this study, statistical tests were performed at 1901-2013 precipitation and temperature series and then after detection of the change year precipitation data were divided into two different scenarios of 1901-1960 period and 1961-2013 period. The results showed that precipitation trend is insignificant while maximum and minimum temperature have increased during 1901-2013 period except for some stations of autumn and summer seasons.
Introduction
Temperature and precipitation have a significance effect on our environment, as water resources are affected by both the precipitation and the air temperature in the form of evapotranspiration. Shortage of precipitation can be responsible for droughts while its excess can cause flooding. Change in water availability can also affect many human activities, such as municipal and industrial water supply to agriculture, power generation, and fisheries [1] . Water is important for life so it is extremely important to know how climate change affects water resources, which is an important issue while planning for the future water supply [2] . Similarly too high temperature is not good for life. Temperature change is a consequence of climate change, which is responsible for significant change in weather patterns over decades to millions of years. Assessment group #1 of IPCC5 (Intergovernmental Panel of Climate Change) mentioned an increase of 0.3 to 3 ∘ C in temperature magnitude up to the year 2100 and it will cause change in precipitation and temperature patterns, which consequently will affect regional and global water resources [3, 4] . Hence the spatial distribution of precipitation and temperature is an important issue in the climate-change studies.
Variability of climate change is not the same, and its impact varies over the entire globe from region to region [5] . Spatial and temporal distribution of precipitation is very important for hydrology and water resources application [6] . At mid and high latitudes of the northern hemisphere 0.5-1% increase in precipitation per decade has been noticed while 7-12% and 2% increases in the annual average precipitation trend have been found at ∘ N and 0-55 ∘ S regions in 20th century, respectively [7] . A working group of IPCC has also observed variations in precipitation trend spatially, such that the eastern parts of southern and northern America and some parts of Europe and central and northern Asia exhibit an increasing trend in precipitation while Sahel, the Mediterranean, and some parts of southern Asia and Africa showed a decreasing precipitation trend during 1900-2005 [8] . Tropical areas exhibit an insignificant change in precipitate trend while mid latitude of the northern hemisphere 2 Advances in Meteorology ∘ N) experienced a significant increase in precipitation trends in long term data stated by IPCC 2013 [9] . Global warming affects the precipitation patterns ultimately affecting the water resources and hydrology [10] . Ground water is also affected due to the change in climate [11] . Qin Dahe worked on the climate change and noticed that in the last 100 years global warming has caused an increase of 0.6 to 0.8 ∘ C/year in mean annual temperature in China [12] . It is studied that climate change is affecting water resources of China and streamflow is increasing in the most parts of the watershed in the area [13] . Therefore, it is very important to study changes in water patterns due to the climate change in the medium sized watershed (Xin'anjiang-Fuchunjiang) for the improvement of water resource design and application and management techniques that are associated with climate change.
Many researchers have conducted a large number of studies around the globe for detecting the climate change and performing trend analysis. He and Zhang studied the climatechange trend in China along Lancer River during 1960-2000, using the data from 19 stations [14] . Several statistical and dynamical approaches have been developed for trend detection. Usually, parametric and nonparametric methods are in use while it is observed that the parametric method is less reliable than nonparametric method [15] . Scientists have found that among the nonparametric approaches Mann Kendall (MK) trend analysis approach is getting significant importance nowadays for the detection of climate-change trends [16, 17] . Usually, Mann Kendall and Theil Sen's nonparametric approaches are used for trend detection and its magnitude, respectively [18, 19] . Numerous scientists have applied these approaches for trend detection. Nalley ∘ C/decade increase in the temperature [22] . Fan and Wang studied the change in temperature trend in Shanxi province in China, and they found an increase in the temperature trend [23] . Tao et al. studied trend change in streamflow using the past 50 years data belonging to Tarim River basin. They found an increase in temperature, relative humidity, precipitation, and actual vapour pressure trends but decrease in wind speed, sunshine hours, and potential evapotranspiration trends [24] . Jiang et al. examined wind speed trend during 1956-2004 in China. They used two datasets and found that the trend is decreasing in the area [25] . Singh et al. used Mann Kendall approach in order to determine the trend of precipitation and relative humidity in India. Results showed that there is an increasing trend in relative humidity in most parts of the river basin [26] . EINesr et al. examined 29 stations data to determine the temperature trend in Saudi Arabia and concluded that except for the winter months there is increase in trend for maximum, minimum, and average temperatures in the area [27] .
Determination of beginning, change, and abrupt changes in the trend in long time data series is also important in climate studies. Sequential Mann Kendall technique is becoming popular for the determination of start of trend and abrupt change in trends [28] [29] [30] .
This study was conducted to find the change in precipitation and minimum and maximum temperature trends in Xin'anjiang-Fuchunjiang watershed for long time data series . MK statistical technique was applied for trend detection, and for its magnitude, Theil Sen technique was used. Also for the determination of start of trend and abrupt change in it, use has been made of Sequential Mann Kendall method. This study will be beneficial for the estimation and planning of water resources tasks in the area. 2 of irrigated farmland used to grow rice, wheat, soybean, corn, and potato, and some cash crops such as sugarcane, tea, cotton, and medicinal herbs are common. These hydropower stations and irrigated land increase the importance of this study, because change in precipitation or temperature trends affects the water resources in the area, ultimately impacting the water demand.
Materials and Methods
As it is difficult to get long term data for the empirical analysis of temperature and precipitation trends, 0.5 * 0.5 ∘ , high resolution gridded data were obtained from the Climate Research Unit (http://badc.nerc.ac.uk/home/index.html). These data have been generated in the CRUTS2.1 from station observations dataset [31] and have been used in many studies [32] [33] [34] . Temperature and precipitation data were categorized into seasonal (winter, spring, summer, and autumn) and annual data series as given in Table 1 . 
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Material and Methods.
Data from 1901 to 2013 related to 15 grid points/station were collected and categorized into annual and seasonal time series as given in Table 1 . In order to detect the homogeneity of data, autocorrelation approach was applied on the data [30, 31] and then Mann Kendall nonparametric test and Sen's slope estimation techniques were used to determine temperature and precipitation trends and their magnitude, respectively. Mann Kendall Sequential technique was applied in order to detect the abrupt change and beginning of trend in data.
Serial Correlation Effect.
Von Storch and Navarra proposed a prewhitening technique to remove serial correlation effect from the data series [35] . The following proposed steps were followed during this research work with the sample data ( 1 , 2 , . . . , ).
(i) Salas et al. proposed lag-1 serial coefficient 1 for the determination of serial effect in data [36] . Most of researchers used this approach in order to determine the serial effect [37] . It is calculated as given in
where is the number of observations and ( ) is the mean of data.
(ii) Equation (4) is used to test the time series
Data are correlated if 1 is not within the above interval; otherwise they are independent. Prewhitening of real data 4 Advances in Meteorology is needed if they are serially correlated as
Mann Kendall (MK) Trend Test.
Tests for the detection of trend significance in data are categorized into the parametric and nonparametric approaches. Data should be distributed and be independent for the parametric approach while only independent data are the requirement of nonparametric approach. Here Mann Kendall nonparametric technique was used for the detection of trend variability while its magnitude and slope estimation were found using Sen's slope method. These two approaches are mainly used to analyze the chemistry of the climatology data. Statistics of Mann Kendall are based upon the sign of the difference, rather than random variable values. The Mann Kendall test statistic " " is calculated by
In (4) and are the annual values of and years, respectively, where > and is the number of data points, and significantly ( − ) is the sign function given below
The variance is calculated as
In (6), and are the number of data points and tied groups, respectively, where is the number of ties of extent . Sample data in a tied group have the same value; if the sample size is > 10, then test statistics is computed using
Increase and decrease in the trend could be judged easily from value. A positive value means the increasing trend while its negative value indicates a decreasing trend, where represents the standard deviation. If 1− /2 is greater than then 0 = rejected, which means the trend is significant, where 1− /2 value is given in standard normal cumulative distribution table; Mann Kendall nonparametric approach is used to determine the significance of a trend at significant level = 0.001 (or 99.99% confidence interval), = 0.01 (or 99% confidence interval), = 0.05 (or 95% confidence interval), and = 0.1 (90% confidence interval) of time series data. If value of | | > 1.65 or | | > 1.96 then the trend is significant at 10% and 5% significance levels, respectively, while if | | > 2.57 or | | > 3.2 then the trend is significant at 1% and 0.1%; significance level and the null hypothesis are rejected.
Theil Sen Approach (TSA).
Sen [19] developed a nonparametric approach to calculate the trend magnitude and its slope. For the calculation of the slope, pairs equally spaced time data series, sorted in the ascending order, and the following formula is used:
In (8), and are data values at time series and , respectively, where > , = ( − 1)/2, and is the total number of data points. values of are ranked in ascending order and median ( med ) is obtained using
While the magnitude of med represents slope steepness, the positive or negative sign shows the increasing or decreasing trend direction.
Identification of Precipitation Shifts. (i)
Many researchers have used Sequential Mann Kendall (SQMK) method to determine the start of trend and abrupt change in it [30, 38, 39] . SQMK is a ranked based test having the following steps.
(ii) At each comparison, the > cases are counted and denoted by ; where = (1, 2, 3, . . . , ) and = (2, 3, 4, . . ., − 1) are the sequential values of data series. The test statistics is given in
(iii) The mean of test statistics is given as
Moreover, the variance is given in
(iv) The SQMK value is calculated using
Original time series is used ( 1 , 2 , 3 , . . . , ) for forward ( ) while time series is resorted and reversed for getting the backward statistics ( ). Change point detection is acceptable if both curves match below a significance level; otherwise it is rejected. Series (1901 Series ( -2013 . Nonparametric Mann Kendall and TSA techniques were applied to precipitation and maximum/minimum temperature data series from 1901 to 2013, and the results obtained are presented in Figures 2, 3 , and 4. 
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Results and Discussions
Overall Data
Minimum Temperature (TMin).
Statistical results of annual and seasonal data series of TMin are presented in Figure 4 .
(a) Annual. Annual data series for minimum temperature has shown an increasing trend at all grid points at a rate up to 0.17 ∘ C/decade as shown in Figure 4 . Table 2 and for annual TMax data series of station number 15 is shown in Figure 5 . Results revealed that most stations of the precipitation data series exhibit insignificant positive or negative change around 1960 for annual and seasonal data series. Conversely, trend for maximum and minimum temperature have increased throughout 1901-2013 after 1915 as shown in Figure 5 . Due to the said reason, the precipitation data series has been divided into two series for periods 1901-1960 and 1961-2013 for the application and determination of trends and their magnitude using Mann Kendall and Theil Sen's approaches, respectively.
Precipitation Data Series
First Data Series (1901-1960).
The results of precipitation during the first data series period are given in Table 3 . A mix of insignificant positive and negative trends in the annual and seasonal data series was detected as given in Table 3 . Results revealed that about 20% of stations have increased precipitation trends at a significant level of 5% with an increasing rate of 0.34 mm/year to 0.68 mm/year, while only one station has a decreasing trend at a rate of −0.30 mm/year in the annual data series at a 5% significance level. Results of the seasonal data series revealed that 26% of winter data stations have an increased trend of 0.59 mm/year to 1.02 mm/year as given in Table 3 , at 1% and 5% significance level, while all other stations have insignificant trend.
Second Data Series (1961-2013).
The statistical results of annual and seasonal precipitation (1961-2013) data series have been obtained and displayed in Table 4 . The results revealed that most stations have shown nonsignificant positive and negative trends. Also the results revealed that winter precipitation time series have insignificant positive trends at most stations within the study area. Analyses of spring have shown insignificant negative trend, while summer and autumn precipitation time series have shown insignificant positive trend at most stations as displayed in Table 4 .
Comparison of Mann Kendall and Sen's Methods.
Results of Sen's slope estimator for the annual and seasonal data series related to the temperature and the rainfall for the year consisting of two time periods are given in Table 5 C h a n g e p o i n t −1963 * − 1960 * +1955 5 C h a n g e p o i n t −1961 * − 1958 * * 6 C h a n g e p o i n t −1958 * − 1965 * * 7 C h a n g e p o i n t −1959 −1949 −1964 * * 8 C h a n g e p o i n t −1963 * − * +1959 9 C h a n g e p o i n t 
Overall Watershed Trend.
To ascertain an idea about the overall precipitation and temperature trend in the watershed, statistical tests have been applied using the average of seasonal and annual data of all 15 grid stations. The results obtained after applying Mann Kendall and TSA statistical tests are displayed in Table 6 . Results showed that none of the seasonal and annual precipitation data have a significant trend at 1% significance level for both time series. Results of TMax data showed a significant trend at 5% and 1% significance levels for the time series of annual and seasonal data with TSA magnitude between 0.014 and 0.033 ∘ C/year/ season. The annual and seasonal time series of TMin show a significant trend for most of the data series except autumn data at 5% and 1% significance levels. The TSA magnitude of the significance trend value varies between 0.010 and 0.022 ∘ C/year/season for the study area.
Discussion
This study investigated the change in seasonal and annual precipitation, TMax, and TMin in the Xin'anjiang-Fuchunjiang watershed over a 113-year period. Precipitation trends were also analyzed for the 1901-1960 and 1961-2013 data series.
The results of study follow the same statistical trends of precipitation, both positive (annual, winter, summer, and autumn) and negative (spring), reported by Song et al. [40] for the northwest part of Zhejiang in eastern China. Findings were also consistent with the studies by Tian et al. [41] and Wang and Zhou [42] on the northwest part of Zhejiang, where a mix positive and negative trends of precipitation for annual and seasonal data was found. Our temperature (TMax and TMin) results were consistent with those found by Zhao et al. [43] , Dong et al. [44] , and Tang et al. [45] , with significant positive trend in temperature during the 20th century. The mostly grid stations at high elevation exhibit higher temperature trends and follow the same results found by Dong et al. [44] .
These positive trends can also affect the water resources of the area. Runoff in the study area did not significantly increase (increase insignificantly) due to positive trends of precipitation and temperature, and there was no shortage of water demands for agriculture, hydropower, and domestic use [46] . This increasing water flow can cause flooding in the area, as stated by Piao et al. during 20th century [46] .
Conclusion
The present study examined the precipitation, TMax, and TMin data for the period 1901-2013 for trend prediction in Xin'anjiang-Fuchunjiang watershed. Nonparametric Mann Kendall and Theil Sen's approaches have been used for trend for annual and seasonal data series during 1901-2013 period. TSA magnitude shows that TMax is increasing between 0.09 and 0.29 ∘ C/decade, while TMin increases annually and in summer during the 1901-2013 period, at the rate of 0.14-0.22 ∘ C/decade. At the majority of stations, seasonal data series exhibit an increase up to 0.22 ∘ C/decade. Precipitation trend was found insignificant at a regional basis for annual and seasonal data series. TMax and TMin have significant trends at 1% and 5% significance level for time series over the whole study region.
This paper draws the picture of maximum and minimum temperature and precipitation trends during the last 113 years, which is helpful for future water resource planning, application, management and distribution for agriculture, and commercial, domestic, and other usages. This study can be beneficial to predict the future trend of maximum and minimum temperatures and also of precipitation. Various techniques could be beneficial for trend prediction within the study area and for determining the validity of presented methods in this study.
